The Spindles of von Ebner.
By DOUGLAS E. CAUSH, L.D.S.
THE study of the spindles of von Ebner is exceedingly interesting from the fact that their position in the teeth is as unique as it is exceptional, they being developed from a mesoblastic tissue (the dentine) and found situated in an epiblastic one (the enamel). Various theories have been propounded as to how the interchange of tissue has taken place, and to introduce this subject for your consideration is the object of my paper.
The interest in these spindles is intensified by the fact that their existence is denied by some writers, as Waldeyer and Hertz; while others, including von Ebner, Tomes, Wild, and Holliinder, acknowledge their existence but are not agreed as to whether they are pathological or normal in their development. If any here have doubts as to the existence of these spindles, they can easily set these doubts at rest by the following experiment: Take a bicuspid tooth and immediately after extraction place it in an alcoholic stain of gentian violet for two or three months, then cut a section from the tooth through the cusps, and in the majority of cases the result will be similar to that seen in Slide 1.
POSITION.
The position of these spindles varies somewhat in the different teeth. They are usually to be found in the greatest numbers in the first-formed enamel of the tooth. Thus, in the incisors and canines (if found at all) they are to be seen in the enamel immediately over the first-formed dentine (Slide 2); the spindles are also found, though not so frequently, on the sides of the dentine (Slide 3); passing from the apex of the dentine towards the gum margin they are less in number, and it is very unusual to find them near the termination of the enamel. In the bicuspid (Slide 4) the spindles are to be found in the greatest number on the outer or first-formed cusp of the dentine; sometimes they may be found on the inner cusp of the tooth, but it is unusual to find them in the enamel near the gum margin, and most unusual to find them on the dentine between the two cusps. In the molar it is usual to find the spindles in the enamel of all the cusps, but not so frequently in the enamel between the cusps; in this position (the enamel between the cusps), both in the bicuspid and the molar, there appears what I take to be a modification of these spindles, bundles of the tubuli of the dentine passing into the enamel (Slide 5).
DEVELOPMENT.
The difficulty of studying the development of these spindles is very great owing to the fact that in the temporary teeth they are small in size and, as a rule, few in number (Slides 6 and 7). Nor does the study of the development of the teeth of animals help to elucidate the problem, as I have not found any spindles in the teeth of the animals I have examined except in the gorilla, where they are small in size and few in number.
The examination of sections from the human embryo helps to elucidate some of the difficulties of the mixing of the two tissues (Slides 8 and 9). These slides from the incisor and premolar region of the embryo show that it is not at all unusual to find at the junction of the two tissues, the point where the spindles are the most pronounced in the permanent teeth, that at the commencement of the development of the enamel and dentine, the line of demarcation is by no means pronounced, and there is frequently a mixture of the epiblastic and mesoblastic tissue. As the development proceeds this line of demarcation becomes more pronounced, and the orgains producing the enamel and the dentine appear to settle down to their work more perfectly. The result of this interchange of the two tissues is seen in many sections of the permanent teeth (Slide 10). In these teeth the firstformed tissue does not appear to take the character of a normal granular layer, but it appears as if portions of the mesoblastic tissue have been forced into the epiblast, and the latter tissue has been calcified around the former (Slides 11 and 12). If this is the case, it is not difficult to follow the development of the spindles. I do not think the hypothesis of Walkhoff is correct when he states there has been an absorption, or resorption, of the first-formed dentine to assist in the formation of these spindles. As far as I have been able to discover, there are no cells in the epiblast that are capable of absorbing the dentine after it is once formed, and the developinent of the enamel being simultaneous with that of the dentine would quite prevent such absorption taking place. He suggests, as a proof of this hypothesis, that there is little or no branching of the tubuli at this point owing to the absorption. My slides will not bear this interpretation, as the branching of the tubuli is decidedly more pronounced where the spindles are developed than it is where they are absent (Slide 13).
Though the spindles are less in number and smaller in size in the temporary teeth (Slide 14), there is, I think, to be found in these teeth proof that they have certain functions (of which I shall treat later on) to perform. With the absence of the spindles there is an increase in the number of the ends of the tubuli that pass into the enamel. This is very pronounced in the temporary teeth (Slides 15, 16, and 17), and tends, I think, to prove the method of development I have suggested.
SIZE.
In size these spindles vary considerably, but much more so in the pernmanent than in the temporary. The smallest spindle I have measured in a permanent tooth was 6 ,u by 2 /L, and they are to be found from this size to that of the largest measured, which was 70 F by 4 ,u. The greater increase of length over width is, I think, another proof of the theory of the development I have suggested.
SHAPE.
In shape they vary quite as much as they do in size, and are to be found spindle-shaped, fusiform, oval, beaded, and sometimes, though rarely, branched. However much they vary in their shape, they are usually the same width at their base as the tubuli of which they are a continuation. The shape is, I think, controlled by the power the matter forming the spindle has of resisting the pressure of the enamel cells during the process of calcification.
CONTENTS.
Their contents are, I believe, protoplasmic in character and similar to the central portion of the tubuli of the dentine. Owing to the difficulty of obtaining the contents of these spindles free from the surrounding tissue, I have not been able to make an examination of it. At the same time, as these spindles stain in a similar manner to, and are a continuation of, the central portion of the tubuli of the dentine, it is not unreasonable to assume that they are of the same composition as the contents of the tubuli, though they differ from the former in that they appear to have no sheath.
ROMER'S CORPUSCLES.
Occasionally there is to be found in these spindles portions that do not take the stain as readily as the rest of the contents; they are circular or oval in shape, and are known as Romer's corpuscles (Slide 18). Romer suggests that they are a peculiar form of nerveending. I do not think this probable, as there is no record of the nerves being found in the tubuli; and if these bodies were, as he suggests, nerve-endings, there would certainly have been found some connexion between them and the nerve-supply of the pulp. It appears to me that these so-called corpuscles are dead, or dying, cells in the mass of protoplasmic tissue that forms the spindle, as in teeth that have been stained for but a short time, and in sections that have been surface-stained, they stain but slightly; but in teeth that have been stained thoroughly these corpuscles are also stained, and it is difficult to find any of them.
AIR SPACES.
In teeth that are allowed to dry, so that the contents of these spindles are allowed to contract (Slide 19), it is not at all unusual to find air enclosed within the spindles; but in teeth that are kept moist until the sections are made, it is very unusual to find any air enclosed in the spindles.
NORMAL OR PATHOLOGICAL.
The conclusion I have arrived at, after the examination of a large number of teeth, is that these spindles are normal, and not pathological, and have certain functions to perform in the life of the tooth in which they are found. An anaiysis of the enamel sections in my cabinet tends to confirm this view; teeth of all kinds have been examined, and the following 
,
It is not at all unusual to find perfectly calcified teeth containing a large number of spindles, whilst in teeth that are badly calcified, or teeth in which the enamel is abnormal, the spindles are often absent (Slides 21, 22, 23, and 24) ; in the four slides shown of teeth with abnormal enamel, only one contained spindles. These spindles are to be found in the teeth of the ancient as well as in those of the present day; I have found them in the tooth of the Saxon kindly given me by Mr. Walter Harrison, and in a tooth of ancient date found in Cornwall and kindly supplied by Mr. C. Robbins (Slide 25). From the slides I have examined it would appear as if the teeth of modern times contained spindles that are larger in size and much more numerous than the teeth of the earlier period.
These spindles play a very important part in caries of the enamel, especially in connexion with that Miller describes as the secondary decay of the enamel. I regret it is impossible in this paper to enter fully into the part they play in the work of destruction, owing to the time at my disposal, and to the fact that, to inake myself clear, it would be necessary to consider portions of the tooth tissue outside my subject; but think it will interest you if I show on the screen some slides (26, 27, 28 and 29) showing bacteria in these structures under consideration, the spindles of von Ebner.
FUNCTIONS.
In conclusion, I should like briefly to bring before you what I believe to be some of the functions of these spindles, with the object of obtaining your views upon this important, but rarely-discussed subject. If expansion and contraction takes place in the enamel, as I believe it does, owing to the difference in the temperature of the foods taken. may not these spindles be a provision to allow for that expansion or contraction without the fracturing of the hard and dense tissue of which the enamel is composed ? It is in man alone we get the variation in the temperature of the food taken, and it is in man these spindles are found. Again, in the teeth of modern man the spindles appear to be larger and more numerous than in those of our ancestors. May not the food of to-day have somnething to do with this increase both in the size and number, especially as these spindles are to be found in that portion of the tooth where the results of either expansion or contraction would be most disastrous to the organ in question ? SENSATION. It is a recognized fact that the sensation produced by heat or cold passes through the enamel. In all teeth where the pulp is alive there must be, of necessity, some means whereby this so-called sensation can be gathered up to convey it to the pulp through the tubuli of the dentine; and what is more probable than that these spindles, which are in direct communication with the tubuli, are one of the means of conveying this sensation to the pulp, either as a means of warning, or to incite the pulp to self-protection in the formation of secondary dentine ? It may be only a coincidence, but we certainly find secondary dentine more frequently formed in that portion of the pulp-chamber corresponding to the position of the spindles than in any other part of the chamber or canals.
DISCUSSION.
The PRESIDENT (Mr. Hern) said Mr. Caush had written an interesting paper on a somewhat abstruse subject. It had been a moot point with some histologists as to whether these spindles were pathological, anatomical, or produced by the methods of preparation for the microscope, but he thought Mr. Caush had shown conclusively that they were very real anatomical structures, and he had given some reasons for their occurrence-viz., that their presence might help to prevent fractures of the enamel when under the influences of thermal changes, or they might be concerned with the question of sensation. It had struck him that their function was perhaps very similar to that of the pieces of hoop iron which were used in buildings to tie walls together-i.e., their office might be to prevent the enamel stripping away from the dentine. At any rate, as a mechanical binding they seemed to him to serve an obviously useful purpose.
Mr. D. P. GABELL felt some hesitation in criticizing a paper by Mr. Caush, seeing that his very earliest attempt at microscopic work was done under Mr. Caush's tuition. The suggestion that the spindles of von Ebner were due to the expansion and contraction of enamel seemed to have one disadvantagenamely, that if there were contraction and expansion of the enamel it would seem that that expansion and contraction would be greatest at the surface of the enamel and not at the deeper parts, and therefore the spindles would be found near the surface, instead of only at the junction of the dentine and enamel. If they were due to expansion and contraction, was it not more probably expansion and contraction of the dentine such as was obtained when drying a specimen ? He could only suggest to Mr. Caush as one method of deciding that point that he should examine some unerupted teeth. If the specimens were kept moist it would exclude the question of the drying of the dentine causing the spaces. Some of the specimens exhibited appeared to show the mingling of the dentine and enamel, and he would like to know whether Mr. Caush could safely exclude those sections from the class of sections where the junction of enamel and dentine was cut obliquely, a thing that was likely to happen near the apex of a tooth, showing one tissue behind the other. That could not be told from the photographs, but only from an examination of the specimens with the finger on the fine adjustment.
Mr. LEWIN PAYNE said the members would be grateful to Mr. Caush for once again adding another valuable contribution to the histology of dental structures. One suggestion that had occurred to him with regard to the use or possible function of the spindles of von Ebner was that the position in which they occurred might lead one to imagine that they were there for the purpose of adding strength to the tooth. They were found especially over the masticating edge of the tooth, extending towards the masticating edge, whereas in other parts of the dentine and enamel they were practically non-existent. One would imagine that they really served the function of helping to strengthen the enamel, quite independent of the question of the action of heat in causing expansion and contraction. With regard to the question of expansion and contraction, it might be imagined that if the function were to preserve against such expansion and contraction the spindles would extend all round the edge of the dentine. With regard to their origin, he thought Mr. Caush had very clearly shown that they arose from the dentine itself and not from the enamel, that they were really derived from the dental papillae, and that the enamel was calcified around them. Possibly they might explain some of the sensitiveness of the enamel, which was difficult of explanation without considering that the enamel contained organic matter.
Mr. E. B. DOWSETT said the spindles of von Ebner had always interested him, principally with regard to their function. He agreed with Mr. Gabell's suggestion with regard to the mingling of the dentine and the enamel, and probably the appearance was due to the thickness of the section as well as the obliquity of the cutting. As regarded the origin, in hard sections one frequently observed the spindles where there was a very definite line of demarcation between the enamel and dentine, and therefore it was not a true mingling. It seemed to him that where one saw a definite spindle coming off from a very straight line of demarcation it must be due not to a mingling but to the growth of an odontoblast out between the ameloblasts. There was no definite membrane between the two, and it seemed to him quite easy for the process of an odontoblast to grow out upwards between the ameloblasts, and the enamel would be -formed around the process of the odontoblast. With regard to function, the only point that seemed to him really probable was the function of sensation.
The spindles were found at places where the enamel was mostly worn-the tips of the cusps-and therefore spindles in that situation would be irritated by the attrition of the points of the cusps, and sensation would be conducted to the cusps and secondary dentine laid down as suggested. That seemed a very good reason why they were there-to convey sensation to the pulp and thereby lay down secondary dentine for protection.
Mr. H. LLOYD WILLIAMS said that, although his ignorance of microscopic work was great, he thought the mixing of enamel and dentine to the extent that Mr. Caush's thesis demanded required very clear demonstration indeed. With regard to the function of the spindles, the position in which they were placed, on a very sharp curve and always under the cusps, would bear out the idea which Mr. Lewin Payne had suggested, that they were there on account of the pressure exercised on the cusps. As a matter of physics their direction was -correct to take off the direct pressure of mastication. The little slits in the enamel would rather suggest they were there for that purpose. The enamel was placed over a very steep curve, and, being extremely solidly calcified, would be very likely to split off far more frequently but for the fact that Mr. Caush had so clearly demonstrated. He thought there was an objection to the idea of their function being to avoid the splitting of enamel on contraction and expansion from changes of temperature. If they were there for that purpose, and supposing they contained living protoplasm, the teeth would cause a great deal more pain than they did from the immediate changes of heat and cold, in the same way that they suffered when enamel was chipped off and dentine exposed.
Mr. CAUSH, in reply, said he had anticipated being treated much more severely. With regard to the remarks of the President as to the use of the spindles, he quite agreed with him, but thought the tubuli of the dentine that passed through into the enamel and were not developed into spindles played a still greater part. That was noticeable in the fact that in the temporary teeth, where the spindles were few in number, the tubuli passed into the enamel mnuch more freely than in the permanent teeth. In this way the two tissues were very much helped to hold together, and that fact would assist in solving one of the difficulties bistologists had found. He sympathized with Mr. Gabell, who was a microscopist, and knew the difficulty of cutting exactly in the plane required. In his own case the way in which the teeth were stained Ju-1la was of assistance, as the staining showed the difference between the two tissues, and enabled him to see how the grinding was progressing. In some cases where great care was not taken it might be that Mr. Gabell's observation set forth one of the causes, but if trouble were taken carefully to grind down the teeth the spindles would be obtained in many places where the plane was as near as possible parallel to that of the tubuli of the dentine. With regard to unerupted teeth, the first slide shown on the screen was from an unerupted tooth supplied by the late Mr. John Ackery. Mr. Ackery was exceedingly kind in sending him a supply of unerupted teeth that he had removed for the purpose of regulation. [Mr. GABELL asked whether the teeth were kept wet.] Mr. Caush said they were placed in alcohol and sent down to him immediately after extraction, and he was very careful not to allow them to get dry. He did not mean to imply in his paper that expansion and contraction caused the spindles, but rather that the spindles were there to prevent trouble to the enamel as the result of expansion and contraction. With regard to the suggestion that the spindles were there for the purpose of receiving the sensation of heat and cold, consideration should be given to the fact that when a hot or cold fluid was put into the mouth it did not run all round the teeth. He did not say it was the function, but a function, and he thought there was a certain amount of ground for the theory.
